Introduction: This study examined the relationship between subjective memory complaints (both self-and informant-report), objective memory performance, and medial temporal lobe (MTL) volume. Methods: Mild cognitive impairment (MCI) patients (n 5 58) and their informants (n 5 51) completed the Memory Assessment Clinics self-(MAC-S) and family (MAC-F)-rating scales as a measure of subjective memory. Repeatable Battery for the Assessment of Neuropsychological Status (RBANS) Immediate and Delayed Memory indices were used as objective measures of memory and a subset of MCI participants also underwent magnetic resonance imaging, which was used to measure MTL volume.
Introduction
Mild cognitive impairment (MCI) describes an intermediate state between normal aging and dementia and is characterized by significant cognitive deficits, especially in the areas of learning and memory. Specifically, MCI requires (1) subjective memory complaints, preferably corroborated by an informant, (2) objective memory decline, and (3) a general preservation of everyday functioning [1, 2] . Additionally, brain atrophy within the medial temporal lobes (MTL) has been associated with objective learning and memory deficits in MCI [3, 4] . The current report addresses a knowledge gap about self-and informantreport of memory complaints and their relationship with objective memory performance and MTL volumes.
Subjective memory complaints help to establish a decline in functioning relative to premorbid status, and existing evidence suggests that the presence of such complaints may be a harbinger of subsequent cognitive decline [5] [6] [7] . In addition, studies have reported similar MTL volumes (and other brain regions) in patients with MCI and healthy older adults with subjective memory complaints [8] . An important caveat is that these relationships generally appear limited to "cognitively intact" older adults (i.e., those whose objective memory test performances fall within normal limits). A meta-analysis [9] and a review of longitudinal studies [5] revealed inconsistent evidence for the value of subjective memory complaints in those with objective memory impairment (i.e., MCI). Informant-reported memory impairment may hold diagnostic value as it has previously been shown to reflect objective memory test impairment [10] [11] [12] . Conversely, some studies have found a relationship between subjective memory complaints and objective test performance [5, 13] , whereas other studies have not [10, 14] . Such discrepant results may arise from the presence or absence of anosognosia, which is a common feature of Alzheimer's disease (AD) that has been variably reported in MCI [15] [16] [17] . It is important to note that such awareness of deficit requires the ability to monitor and evaluate one's performance in the moment, which literature suggests requires intact executive abilities and associated prefrontal-parietal networks [e.g., 18, 19] . Of course, being able to report the nature and/or severity of cognitive impairment requires an accurate memory for the episodes of failure, which certainly relies on the MTL memory system. Thus, MCI patients may experience difficulty due to one or both of these aspects of awareness.
Another reason for the discrepant findings about the value of self-reported complaints is that a range of measures have been used, most of which dichotomize participants based on a single question (i.e., present vs. absent) [5] . Recently, Buckley et al. [14] examined the relationship between subjective memory, affect, and biomarkers of AD in a large sample of healthy controls and MCI patients who were enrolled in the Australian Imaging Biomarkers and Lifestyle study of Aging. Importantly, this study used the memory assessment clinics questionnaire (MAC-Q [20] ), which is a brief measure that rates the severity of subjective memory complaints along a continuum. The results demonstrated that complaint severity was unrelated to objective memory test performance or to any biomarkers of AD (gray matter, white matter, or hippocampal volumes; amyloid burden) in either group. Similarly, another recent study found that informant report of overall cognitive impairment in MCI patients was more related to biomarkers of AD than was self-report [12; though see 13 for positive findings]. It is possible that the brevity of the measures used in these studies limited the detection of meaningful relationships in the MCI patients, in which case a more comprehensive measure that assesses perceived difficulty across different situations/contexts will be more reflective of objective impairment.
The current study used the full MAC self-rating scale (MAC-S) and family-rating (MAC-F) questionnaires, which provide continuous measures of functioning across several ecologically relevant contexts, to assess subjective memory complaints in those previously diagnosed with MCI. These subjective ratings were correlated with objective memory test performances (via the memory indices from the Repeatable Battery for the Assessment of Neuropsychological Status-RBANS), measures of executive functioning, and MTL volumes. Thus, this study allowed us to directly compare the utility of self-vs. informant-report of memory complaints while at the same time examining potential biological explanations for any observed differences.
Methods

Participants
A total of 58 participants, diagnosed with MCI according to Petersen's criteria [2] , were recruited from the Emory University Alzheimer's Disease Research Center and surrounding community as part of a larger, multisession study on cognitive rehabilitation. Each patient had been diagnosed with MCI at a consensus conference using all relevant clinical data (e.g., laboratory findings, neuroimaging, neuropsychological testing). Participants were then referred to our study and, after providing written informed consent, completed a brief neuropsychological protocol that included both subjective and objective measures of memory functioning (see Table 1 ). This protocol was developed to minimize overlap with the tests used during the diagnostic process. For example, we used the RBANS as a brief, yet relatively comprehensive, measure of cognitive functioning (especially for learning and memory) given evidence of its sensitivity to MCI [21] and AD [22] . These results allowed us to ensure persistent cognitive (especially memory) deficits at the time of study enrolment. Informant-based information was obtained for 51 of these participants using the MAC-Family (MAC-F) questionnaire during this screening session. Informants were typically spouses or other family members and all lived and/or interacted with the patient multiple times per week. All neuropsychological and neuroimaging data (see later) included in this study were both independent of those used for the clinical diagnosis and obtained before cognitive rehabilitation was provided.
General exclusion criteria included a history of neurologic injury or disease (e.g., stroke, moderate or severe traumatic brain injury, and epilepsy), psychiatric disorders (e.g., severe depression, bipolar disorder schizophrenia), and current or past alcohol or drug abuse/dependence. The Institutional Review board of Emory University approved the study procedures.
MAC-self and family-rating scale
The MAC-S consists of 21 items that assess one's perceived functioning (i.e., ability) and that are grouped into five memory areas (Remote, Numeric, Everyday, Semantic, and Spatial) [23] . It also includes another 24 items that assess the frequency of memory concerns and are also grouped into five scales (Semantic, Concentration, Everyday, Forgetfulness, and Facial). There are four global rating items that measure the overall degree of cognitive concern and that form the Global Memory scale. The MAC-F uses the same format and number of items but is completed by an informant. Both the MAC-S and -F use a 5-point Likert scale to evaluate the severity of perceived impairment, where low scores represent difficulty (1 5 very poor; 5 5 very good). Ratings for each of the statements are summed for the five ability and five frequency scales. Totals for each scale are added to provide the total ability and total frequency, all of which are then z-normalized [24] . Low z-scores indicate poor ability, frequent memory concerns, and a worse overall rating of their current memory, whereas a higher score indicates the opposite.
Structural magnetic resonance imaging and volumetric measurements
A total of 40 MCI patients underwent high-resolution anatomic magnetic resonance imaging (MRI) scanning as part of a recently completed cognitive rehabilitation study, the results of which will be reported elsewhere. Participants were scanned an average of 47 days (SD 5 35.5) after completing the neuropsychological and subjective measures described previously. All scans were performed using a Siemens Trio 3T MRI Scanner (Siemens Medical Solutions, Malvern, PA) with a 12-channel head coil. High-resolution anatomic images were acquired using a three-dimensional magnetization prepared rapid acquisition gradient echo . Details of the segmentation process can be found elsewhere [3, 25] . Briefly, NeuroQuant Ò performs two quality control checks that (1) ensure that data adhere to the automatic segmentation specifications using a measurement index that quantifies the deviation between the target brain and a normalized anatomic atlas; (2) corrects for gradient nonlinearities and field inhomogeneities (using the same methods as the Alzheimer's Disease Neuroimaging Initiative [ADNI]). Skull stripping and nonlinear registration to a probabilistic atlas follow. During segmentation, each voxel is given a neuroanatomical label based on its location within the atlas and then iteratively checked to maximize the probability that it belongs to the labeled structure. A report is then generated that provides the volumes of brain structures as a percent of intracranial volume (ICV), which accounts for head size and allows for interindividual comparisons. NeuroQuant Ò provides the volumes of three MTL regions: the hippocampus, inferior lateral ventricles, and the amygdala. Total volumes for these structures were calculated by combining the left and right hemisphere volumes (all values are in percent of ICV).
Statistical analyses
All analyses were performed using IBM SPSS Statistics 21. Between group comparisons used independent t-tests. We performed correlational analyses (Pearson's r) to determine relationships between subjective complaints (MAC-S or -F as appropriate), objective memory test performances 
Results
Self-report (MAC-S) versus informant-report (MAC-F)
Patients reported significantly more memory difficulty on the semantic ability (e.g., remembering the meaning of both familiar and rarely used words) and frequency indices and the facial frequency scale relative to informants ( Table 2) . Although it did not survive FDR correction, informants tended to rate everyday memory functioning worse than did patients. As seen in the table, however, mean ratings for nearly all scales fell within 1 standard deviation of the mean for both patients and informants.
Self-report (MAC-S) findings
There were no significant correlations between any subjective scale and objective memory index (Table 3) . However, amygdalar volume was inversely related to the frequency of General Forgetfulness scale of the MAC-S. Regarding measures of executive functioning, the number of set loss errors on the Emory version of the WCST was inversely related to both the Frequency of Concentration and Forgetfulness scales. The relationship between MAC-S scales and several other measures of the WCST was below the P ,.05 level but failed to survive FDR correction.
Informant-report (MAC-F) findings
The MAC-F Semantic, Spatial, and Total ability scales were related to the RBANS Delayed Memory Index (Table 4) . Amygdalar volumes were related to MAC-F Remote, Numeric, Everyday, Spatial, and Total ability scales, and, frequency of Semantic and Facial occurrence scales. Hippocampal volume was related to the ability to remember numeric information. Measures of executive functioning were unrelated to any of the MAC-F scales.
Discussion
This study examined the relationship between subjective memory complaints, as measured by the MAC-S and MAC-F, objective memory test performance, measures of executive functioning, and MTL volumes in patients diagnosed with MCI. Consistent with a common clinical presentation, we found that patients reported greater difficulty with aspects of semantic (e.g., meanings of words) and episodic memory (e.g., recall of recently learned information) and also noticed the frequency of such difficulty (e.g., tip of tongue recall of names or words) more often than did their informants. These findings mirror frequent clinical complaints and are notable because they can feasibly be thought to impede social interactions.
In contrast to these data, however, our results add to other studies in this area showing that self-reported memory complaints are unrelated to actual memory test performance (i.e., objective memory impairment) in MCI patients [10] [11] [12] 14] . These findings are consonant with the expected effects of memory impairment and reduced MTL integrity: that patients cannot accurately remember the severity or extent of their memory troubles. Our data revealed an inverse relationship between the volume of the amygdala and the frequency of forgetful type errors. The role of the amygdala, as opposed to the hippocampus, was somewhat unexpected but may reflect an enhanced emotional component to the perceived deficits that facilitates their recollection, at least until its structural integrity surpasses some biological threshold. Conversely, subjective complaints were associated with several aspects of the WCST (albeit these often failed to surpass the FDR correction threshold), typically on the Frequency Scales of the MAC-S. Most notable were the findings that patients who more frequently lost mental set during the WCST reported greater impairment with the Concentration and Forgetfulness Scales and tended to report more difficulty with memory in general (i.e., Total Ability and Total Frequency Scales). These findings (1) reinforce the previously noted distinction between executive and memory contributions to awareness of deficit, (2) indicate that MCI patients are more sensitive to the frequency with which they have memory failures rather than their actual memory abilities, and (3) suggest that the validity of subjective memory complaints Abbreviations: MAC-S, Memory Assessment Clinics self-rating scale; MAC-F, Memory Assessment Clinics family-rating scale; SD, standard deviation.
*Survives false discovery rate correction threshold of P .027. Bolded values 5 P .05 (uncorrected). *Correlations surviving the P .025 false discovery rate correction threshold. Table 4 Pearson declines as patients progress toward AD (or other forms of dementia) [also see 12] . Our data suggest that the previously noted limitations of self-report data can be overcome by using an informant. Specifically, we found that the Semantic, Spatial, and Total Ability scales of the MAC-F were related to patients' performance on the Delayed Memory Index of the RBANS. Informants also tended to rate everyday memory abilities as more impaired compared with patients. These findings add to recent reports that informant-based ratings are more closely related to objective memory test performance [10] and more sensitive to future decline [27] in those with MCI when compared with self-report. A unique aspect of our study was the inclusion of volumetric data, which revealed robust and positive relationships between multiple MAC-F scales and the volume of patients' amygdala and, to a lesser extent, hippocampus (see Tables 3 and 4) . Thus, informant report appears to be sensitive to both patients' objective memory test performance and the integrity of MTL structures that are disproportionately affected in MCI and AD. It is interesting to note that these relationships were primarily limited to the Ability Scales and that they were completely unrelated to measures of executive functioning. Thus, informants may be more sensitive to actual memory abilities (i.e., the correct vs. incorrect recall of information) whereas patients focus on the frequency of memory lapses, which reflects executive dysfunction. This may be an important distinction that could explain some of the variability in the existing literature and also meaningfully shape future clinical and research efforts.
Overall, these results support current literature suggesting a shift in the utility of subjective measures as a function of disease severity. At an early stage, cognitively intact individuals who voice persistent concerns about memory (or cognitive) impairment may be at increased risk of subsequent decline [6, 28] . The previous findings suggest that questions from the Semantic ability and several of the Frequency scales may be especially promising for early identification purposes but only as it relates to executive functioning. Once cognitively symptomatic, however, the evidence supports greater emphasis on informant-report because it is more predictive of objective performance [10] and subsequent conversion [6] . As alluded to previously, a major limitation in this line of research has been in the definition of, and measures used to assess, subjective complaints. Recent efforts from international work groups are helping to address these issues and hold promise for clarifying the role of such complaints in both research and clinical settings [29] .
A considerable gap remains in the use of subjective complaints for treatment planning purposes. For example, patients who retain more insight are likely to be more amenable to cognitive rehabilitation (or other interventions) because they would recognize the need for assistance and be motivated to actively engage in treatment. This is consonant with our previous report that specific rehabilitative approaches (e.g., mnemonic strategy training) are more appropriate for those with "early" MCI, whereas other approaches may be best for "late" MCI [30] . Likewise, informants who recognize memory changes may be more willing to facilitate or even engage in treatments, especially those with the promise of enhancing patient independence and reducing caregiver burden [31] . Such findings reiterate and extend our call for the consideration of disease severity in treatment planning [32] .
Overall then, future diagnostic efforts should give informant-report of memory impairment greater weight than self-report when measuring memory abilities (i.e., the correct vs. incorrect recall of information) whereas focusing on the frequency of memory lapses may be a better reflection of executive deficits in patients themselves. However, additional work is needed to clarify the role that both types of information play in treatment planning.
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RESEARCH IN CONTEXT
1. Systematic review: We reviewed literature, identified via PubMed and ISI Web of Science, about the relationship between subjective memory complaints (self-and informant-based), objective memory test performance, and medial temporal lobe (MTL) volumes in patients with mild cognitive impairment (MCI).
2. Interpretation: Our results show that self-reported subjective memory impairment is generally unrelated to objective memory performance or MTL volumes; however, the frequency of memory lapses was related to measures of executive functioning. Conversely, informant-reported memory impairment is reflective of both objective memory performance and MTL volumes. Together, results suggest that informant-report is more useful for verifying memory deficits whereas self-report may reflect executive dysfunction.
3. Future directions: The point at which informantreported memory complaints should take precedence over self-report needs to be identified. Furthermore, additional work is needed in examining the relationship between subjective memory complaints and the efficacy of cognitively focused interventions.
